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Containing a Magnetic Survey of the Southern Hemisphere between the Meridians of

0° and 125° East, and Parallels of —20° and —70°.

THE Antarctic Expedition, under Captain Sir James Crark Ross, R.N., has fur-
nished the materials for maps of the three magnetic elements in the high latitudes of
the southern hemisphere for nearly two-thirds of its circumference. The first and
second portions of the results, comprising between the meridians of 125° and 300°,
have already been communicated to the Royal Society, and are contained in the Vth
and VIth Numbers of these Contributions* ; a third portion, comprehending between
the meridians of 300° and 360°, is in preparation and will shortly be laid before the
Society. In order to complete the magnetic survey of the high latitudes of the
southern hemisphere as far as they are accessible, there remained the portion between
the longitudes of 0° and 125° or thereabouts. The tracks of vessels in the employ
of the enterprising merchants, the Messrs. ExpERBY, had shown that no difficulties
of serious importance obstructed the navigation of the ocean in the vicinity of the
Antarctic Circle between the meridians specified: and there appeared to be little
reason to doubt, that a vessel, despatched from the Cape of Good Hope, might accom-
plish this remaining portion of the survey in a single season, without encountering
any particular risk.

Lieut. CLERE, of the Royal Artillery, had been attached by Lord Vivian, Master-
General of the Ordnance, to the Magnetic Observatory at the Cape of Good Hope,
with the express view of being engaged in a magnetic survey, either of the colony
itself, or of such portion of the globe as might be conveniently accessible from it ; and
on his passage from England to the Cape had had an opportunity of practising with
the instruments employed in a magnetic survey conducted on the ocean. The com-
pletion of the survey of the high latitudes appeared the most important service which
Lieut. CLerk could render to magnetical science ; and on its being proposed to him,
he most readily undertook it.

In June 1844 the subject was brought under the consideration of the Committee of
Physics of the Royal Society, by a letter from myself to Sir Joun F. W. HerscueL, Bart.,
Chairman of the Committee, accompanied by one addressed by Sir Joun HerscHEL
to the Committee, expressing his earnest hope that the measures suggested for the

* Philosophical Transactions, 1843, Art. X., and 1844, Art. VII.
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completion of the survey might receive the attention which they appeared to him to
merit. These letters were submitted by the Committee to the Council of the Royal
Society, with a recommendation that an application should be made by the President
and Council to the Lords Commissioners of the Admiralty, to authorize the comple-
tion of the southern survey in the manner suggested.

The Board of Admiralty having been pleased to accede to this request, the
“ Pagoda,” a bark of 360 tons, was hired at the Cape of Good Hope by the Admiral
commanding on the station, and was fitted for a voyage of some months duration,
receiving a complement of four officers and thirty-eight seamen from the flag-ship.
Lieut. T, E. L. Moorg, of the Royal Navy, who had been one of the officers of Her
Majesty’s ship Terror in the Antarctic Expedition, and was tonsequently accustomed
to the navigation of the high latitudes, as well as practised in magnetic observations,
(having taken a very prominent share in those of Her Majesty’s ship Terror, recorded
in Nos. V. and VI. of these Contributions,) was selected to command the Pagoda,
and instructed to cooperate with Lieut. CLERK, and to give him every assistance and
support in the execution of the service on which they were jointly employed. At the
time of his appointment, Lieut. Moore was serving in the Caledonia at Lisbon, and
some little delay occurred in his recall, and also in his subsequent departure from
England, in consequence of which he did not join the Pagoda at the Cape until the
4th of January, when she had been some days ready for sea. |

It may be useful to officers desirous of making magnetic observations on board
ship, to be acquainted with the precautions which, at the period in question, were
deemed desirable for the employment of magnetic instruments on board ship under
the most advantageous conditions, and for eliminating the disturbing effects of the
ship’siron: a copy of the instructions with which Lieut. CLerk was furnished is there-
fore subjoined :— '

Instructions for Lieut. H. CLErk, R.A., on points connected with the Magnetic Obser-
vations on Board Ship.

“1. Influence of the Ship’s Iron.—Before the ship is fitted, you had better select, in
concert with the naval officer appointed to command her, suitable positions for the
standard compass and for your Fox. Theyshould both be on the midship line of the
ship; the standard compass sufficiently high to see well over the bulwarks when
taking azimuths: the Fox lower for the sake of steadiness : it is generally found con-
venient to use the Fox a few feet in front of the standard. When the positions have
been chosen, have any iron that may be near them removed, (as far as can con-
veniently be done,) and do not let any fresh iron be placed within at least six feet of
either of them.

“When the ship is perfectly ready for sea, take a day for the determination of the
effect of the ship’s iron on the standard compass. You are already acquainted with
the usual process of doing this, and are furnished with the printed instructions issued
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by the Admiralty ; therefore I do not enter into further details on this point, except
to suggest that you should be particularly careful that the ship’s boats, davits, &c.
are all in the positions they will occupy at sea; and that it will be quite sufficient
for your purpose that the deviation should be tried on the sixteen principal points of
the compass, instead of on thirty-two, as is sometimes done.

2. Whilst engaged with the standard compass, have a second compass, of which
the compass ervor (meaning thereby the index error) is known, placed in the gimball
table of your Fox, and observe generally (by means of the lubber-line) whether the
effect of the ship’s iron is nearly the same at the two positions, viz. at the position of
the standard compass and at that of the Fox. Observe particularly whether the
points of no deviation are the same. It simplifies matters greatly that they should
be so, and that at both positions the points of no deviation should be nearly the north
and south points. This they will most probably be in a vessel which will not have
much iron near either position; but it will be advantageous, when first choosing the
positions, to try roughly,—by means of a couple of compasses, one in the proposed
position of the standard compass, and the other in that of the Fox,—whether they
point alike when the ship’s head is either north or south. By interchanging the
compasses in these positions, you will prevent any deception which might arise from
compass errors.

“The observations which have been described will give you the value of the con-
stants @ and b, for the corrections of all the declinations observed on board throughout
the voyage, and you will probably find that they will give you work enough for one
day.

“3. I shall suppose therefore that you take a second day for the determination of
the four constants at the position of the Fox. For this you will require the inclina-
tion and intensity with the ship’s head on the same sixteen points as before, employ-
ing a deflector for the intensity on this occasion, in preference to weights, as more
convenient. You will find of course that the points of no deviation with the compass
become the points of extreme deviation of the inclination and intensity ; for conve-
nience I shall suppose them north and south points. Having completed the obser-
vations with the Fox, remove it and observe the horizontal intensity with the head
successively north, east, south and west, and north again*, placing the apparatus for
the horizontal intensity on the gimball stand of the Fox. This will give you a and
b for that position more satisfactorily than the observations of the Fox ; from these
latter, with the shore observations, you will have ¢ and d.

“The formulee applicable to all the proceedings which have been described, will be
found in Mr. Smite’s Memorandum in No. V. of the Contributions to Terrestrial
Magnetism. But besides the induced magnetism to which these formula refer, the

* <« These are compass points, the compass being supposed in strictness to be placed on the spot of the gim-
ball table; if a compass placed at this spot has been found to agree with the standard compass, the latter
gives directly the required azimuth of the ship’s head.”
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iron of a ship is found sometimes to exercise upon its compasses a magnetic influence
of a distinct character, to which it may become in some instances desirable to give a
separate consideration. This influence may be either from permanent magnetism
strictly so called, or from a polarity which is temporarily retained, and undergoes
alterations consequent upon changes in the inducing action in which it originated,
but following after them at a greater or less interval of time. This additional mag-
netic force may be represented by additional symbols, P, Q and R, <. e. the force re-
solved along the principal section of the ship, transversely to it, and in the vertical
direction.

“The alterations which the introduction of this force makes in Mr. Smrts’s formula
are stated in a second memorandum now printing in No. VL. of the Contributions, a
copy of which will be in your hands before you sail.

“ This memorandum furnishes equations by which all the constants may be deter-
mined by observations in different magnetic latitudes,—of the horizontal force on
the four principal points,—and of the dip on the fwo principal, together with the dip
and horizontal force observed on shore or on the ice. These are part of the obser-
vations already directed.

4. The observations described in No. 3 must be repeated on the return to the
Cape at the conclusion of the voyage, before any change has been made in the iron
of the ship. If polarity due to the inducing action of a higher magnetic latitude has
been retained, the observations on the return will be found to differ from those made
before you sailed. If the disturbing influence of the ship’s iron be solely the effect
either of instantly induced magnetism, or of permanent magnetism strictly so called,
the observations will agree with those made before the departure of the vessel.

“5. If in the course of the voyage you should anchor in any port in a high lati-
tude, at Enderby’s Land for example, or at the Adelie Land of d’Urville, it will be
extremely desirable to repeat the same observations. Whenever a choice exists be-
tween the shore and fixed ice, as a place for observation out of the influence of the
ship’s iron, always prefer the fixed ice.

“6. The approximate value of a, the most important of the constants, may be ob-
tained on board at any time during the voyage when the weather is sufficiently
favourable, by azimuths at the north or south points and at the east or west points
for the position of the standard compass, and by the horizontal intensity observed
on the north and south points for the position of the Fox. If HansTEEN’s needles are
used for the latter purpose, and n, s, be the number of vibrations at north and south
in a certain time, commencing at the same arc, and performed in a nearly uniform

temperature, then 1:— = tan A, and cos 2 A=a tan 4; also if A = the deviation
when {'=90°,
" A=90°—2x.

¢ 7. The horizontal intensity at the north and south points should be observed on
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board frequently ; those on the north, south, east and west points, occasionally ; and
the dip and horizontal intensity on shore or on the ice, with corresponding observa-
tions on board, as often as possible.

8. Indexr Correction.—The most convenient mode of employing Mr. Fox’s appara-
tus at sea being to use it with the face of the circle in one direction only (. e. east or
west, I shall here assume it east), the index correction with the face east must be
sought, by a comparison of the Inclinations observed in that position of the instrument
on shore and on fixed ice, with the true Inclinations determined with needles whose
poles may be reversed and a complete observation made with them. As the index
correction is liable to vary as a function of the Inclination, it should be determined
in different Inclinations, and for this purpose it will be desirable to obtain at least
one determination in a high latitude.

“ When observing on shore or on the ice for the index correction with the face east,
do not omit to observe with the face west also, as the mean index correction is useful
in showing the kind of separation which exists between the centre of gravity and the
point of suspension in the needle for which it is determined. Mr. Fox’s apparatus is
furnished with three needles ; one to be used when the poles are required to be re-
versed ; the magnetism of the other two should be preserved from change if possible ;
it has been found a convenient practice to employ one of the latter always as the
mounted needle, and the other as a deflector.

“9. Comparison of the Weights and Deflectors—Experience has shown that the in-
tensity may be more conveniently and satisfactorily determined on board ship by the
use of deflectors than by constant weights.

“It is necessary however that the ¢ equivalent weights’ of the deflectors employed
should be carefully ascertained. Besides the table which you will form for this pur-
pose in the manner practised by Mr. Fox, it will be necessary to have comparisons
between the angles of deflection produced by the deflectors and the constant weights
at the Cape before and after the voyage, and on any opportunity which you may
have in a high latitude either on shore or on the ice. You may also get occasional
comparisons on board in very favourable weather.

“In the choice of constant weights to be employed during the voyage, use none that
give a less angle of deflection than 15°. In the observations at the Cape, as your
base station, make a double series (. e. the same observations repeated on two sepa-
rate days) both before and after the voyage.

“10. Azimuths.—You will find it a convenient practice to deduce your azimuths
from the hour angle, instead of from the altitude, which is the more usual custom.
First take the altitudes which will give you the hour angle corresponding to the time
by chronometer (at least until you materially change your geographical position) ; and
as soon as you have completed this observation, take the sun’s azimuth, noting the
time of observation by chronometer; the hour angle will then give you the true
azimuth. Blank forms are sent suited to this mode of observation.

MDCCCXLVI. 2v
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“11. General Remarks.—You cannot do better than follow the admirable example
of the Antarctic Expedition, in observing the three magnetic elements on board every
day on which the weather will permit you to use the instruments.

“12. Frequent reference has been made in these instructions to the importance of
at least one opportunity of observing on shore or on the ice in a high latitude, for
various objects connected with the reduction and correction of the whole body of
magnetic observations made during the voyage. If Enderby’s Land, or land con-
nected with it, should not be accessible, it is by no means necessary that the ship
should enter the ice in order to give you the opportunity of landing on a piece of ice
of sufficient magnitude. A favourable day being chosen, she may approach the ice
sufficiently near, and remain four or five hours, whilst her boat takes you to make the
observations and to return.

“If the ice be not ‘ fixed’ you must be careful to detect an azimuthal motion, should
there be any, by which the inclination circle might otherwise be removed from the
plane of the magnetic meridian without your being aware of it. You will also take
care that the magnetic instruments are sufficiently distant from the boat.

“ EDWARD SABINE.”
“ Woolwich.”

The Pagoda sailed from the Cape of Good Hope on the 9th of January, proceed-
ing, pursuant to instructions, towards the Antarctic Circle in the meridian of Green-
wich. She crossed the 60th parallel in the longitude of 4° east, and being impeded
by ice in her direct progress to the southward, coasted its margin to the south-east,
and attained her greatest southing on the 10th of February in latitude —68° 10' and
longitude 35°. She was then according to the chart in the vicinity of the western
extremity of Enderby’s Land, but from strong south-east gales and the position of the
ice was unable to approach it sufficiently even to see the land: from thence she con-
tinued a general progress to the eastward, keeping in as high a parallel as the ice
and weather permitted. On the 10th of March she had obtained the 96th degree
of east longitude in about the 60th degree of latitude, when the season was con-
sidered to be so far advanced that it would not be prudent to persevere in the com-
pletion of the survey in the high latitudes; and a course was therefore taken for
King George’s Sound in Australia, where the ship arrived on the 1st of April. During
the whole of this voyage observations of the three magnetic elements were made
twice in each day, except in extreme circumstances of weather, by Lieut. MoorE in
the afternoon and Lieut. CLERrk in the forenoon, each being furnished with a sepa-

rate (Fox’s) apparatus for the Inclination and Force; and on the arrival of the ship
at King George’s Sound, the two instruments were found to give an almost identical
value for the intensity of the force, the results being by Lieut. Moore's Fox 1-680,
and by Lieut. CLERK’s 1'688.
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After remaining a sufficient time to examine the index and other corrections of the
instruments, and to obtain the necessary data for eliminating the effects of the ship’s
iron on the magnetic results obtained during the voyage, the Pagoda quitted King
George’s Sound on the 27th of April and returned to the Cape of Good Hope, touch-
ing at Mauritius by the way for the purpose of repeating the observations on the in-
fluence of the ship’s iron. She arrived at the Cape on the 20th of June, having con-
tinued the practice of observing the magnetic elements daily on the return passage,
in the same manner as in the high latitudes. }

The voyage was performed without accident or loss of life, and the crew returned
in perfect health, due doubtless in great degree to the supplies of warm clothing and
preserved meats, which, by direction of the Admiralty, Lieut. Moore had taken with
him from England.

No failure occurred in any of the instruments notwithstanding the continual use
in which they were kept by the zeal of the observers. If where so much was so well
accomplished it is permissible to feel or to express regret on any account, it can be
only that circumstances should have prevented the completion of the survey in the
high latitudes as far as the 125th degree of longitude according to the original de-
sign, whereby the observations of the magnetic force would have been carried up
to the principal axis of the isodynamic oval of 2:00.

On the conclusion of the voyage Lieut. CLERK received directions from the Master-
General of the Ordnance to return to Woolwich, for the purpose of completing the
reduction of his own observations and those of Lieut. Moore. The following pages
contain Lieut. CLERK’s report ; in which he has also embodied a series of observations
on the Inclination and Force with a Fox’s apparatus, made in 1844 by Lieut. ALEx-
ANDER SmITH, R.N., one of the Assistants at the Hobarton Magnetic Observatory, on
his passage to Van Diemen Island; and a second series, also of the Inclination and
Force, made in 1845 by Lieut. Dayman, R.N., of the same observatory, in a passage
in the bark “Leander” from Hobarton to the Cape. Both these officers had pre-
viously been employed in the Antarctic Expedition under Sir JaMEs Crark Ross, and
their observations now communicated are a consequence of the zeal which they im-
bibed, and the practice in the use of instruments which they acquired, in that expedi-
tion. Their observations transmitted to the Admiralty were sent to Woolwich for re-
duction and publication. Lieut. CLERK has also embodied in his report the determi-
nations of the three magnetic elements made by Sir James Ross in the Erebus in 1840
on her passage from the Cape of Good Hope to Kerguelen Island, and thence to
Hobarton.

On inspecting the map, it will be seen that the tracks of the Erebus and Prince
Regent held about a middle line between the outward and homeward tracks of the
Pagoda, and are therefore extremely useful in connecting results which would other-
wise have been somewhat too far apart.

Lieut. CLERrk has taken the Cape of Good Hope as the base station of the observa-
tions of the magnetic force made in the Pagoda. The determinations of the absolute
horizontal force made at the observatory at the Cape in February, March, April and

2v2
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May 1845 (page 362 in seq.), which are the last received from that station, give a mean
result of 4482, the mean inclination during the same month being —53°25"5. Com-
bining these with the determination at Woolwich in No. VII. of these Contributions*,
we have the total force at the Cape in the arbitrary scale 0°993. The ratios deter-
mined by Mr. Fox's statical apparatus (page 363 in seq.) by separate needles are 1-000
and 1-006: the value of the total force at the Cape as a base station for the observa-
tions of the Pagoda has therefore been taken as 1:000.

As Lieut. Smrth did not touch at the Cape on his passage to Hobarton, and as the
needle which Lieut. Davmax had employed on his homeward passage was broken at
the Cape before observations had been made with it, and consequently before the
series between Hobarton and the Cape could be connected with the latter station, it
has been necessary to employ Hobarton as the base station of both these series. 1
have already stated in Nos. V. and VI. of these Contributions, the results of the ob-
servations which were made to determine the absolute horizontal force at Hobarton
between 1840 and 1844 ; viz. by Sir James C. Ross in 1840 and 1841, with magnets
of fifteen inches in length+-; by Lieut. Kay in 1841 and 1842, with magnets of the
same length} ; by Lieut. Kav in 1844 with magnets of twelve inches§, and with
others of 918 and 7°50 inches|. I have now to add the results of twenty-four de-
terminations made by Lieut. Kay between November 1844 and September 1845, with
magnets of various lengths, as shown in the following table :—

Magnets and their length. Date No. of Horizontal
Suspended. Deflecting. distances. | force.
in. in.
— 7+50 — 918 Nov. 7, 1844. 3 - 4+5108
— 7°50 918 Sept. 9, 1845. 3 4:4810
A 57 300 D xv. 867 Dec. 7, 1844. 3 4+5316
A 57 300 D xv. 867 Dec. 9, 1844. 5 4-5118
A 57 300 D xv. 367 Dec. 11, 1844. 5 4:4954
A 57 300 D xv. 367 Jan. 12, 1845. 5 4:5058
A 57 300 D xv. 367 May b5, 1845. 3 44997
A 57 300 D xv. 867 Aug.15, 1845. S5 4-4762
A 57 300 D 9 367 Aug.19, 1845. 5 45104
A 57 300 D 9 367 May 6, 1845, 3 45076
A 57 300 A 19 302 Aug.20, 1845. 5 4:4905
A 52 300 D xvi. 367 Jan. 19, 1845. 3 4-4940
R 1 300 D xvi. 367 Aug.28, 1845. 4 4+4970
I12 245 A 19 300 Dec. 13, 1844, 5 4-4954
112 245 A 19 300 Dec. 13, 1844. 5 44899
112 245 A 19 300 "Dee. 15, 1844. 5 4:4865.
112 245 A 19 3:00 Jan. 14, 1845. 5 4-4809
112 245 A 29 300 Aug.26, 1845. 5 4-5016
112 245 A 23 300 Aug. 22, 1845, 5 4-4994
I 1245 A 23 300 Dec. 20, 1844. 3 4+5046
I 1245 A 23 300 Dec. 23, 1844, 3 4-5121
I 1245 A 23 300 Dec. 26, 1844, 5 45020
I 1 245 A 23 300 Jan, 15, 1845, 5 4-5082
I 1245 A 23 300 May 9, 1845. 3 44970
Mean.......o.oeiiniienns 4:4992 -
* Philozophical Transactions, 1846, p. 246. +-Ibid. 1843, p. 168.

3 Ibid. p. 168 (note). § Ibid. 1844, p. 111. i Ibid. p. 112.
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Collecting in one view the different mean results, we have

Ross, in 1840-41, 15in. magnets . . . . . . . . . . 4573
Kayv, in 1841, 15 in. magnets . . . . . . . . . . . 4553
Kay, in 1842, 15 in. magnets . . . . . . . . . . . 4513
Kay, in 1843, 12 in. magnets . . . . . . . . . . . 4520
Kay, in 1843, 9'18 and 7°50 in. magnets . . . . 4501

Kay, in 1844-45, magnets of various lengths, 9:18 to 2 45 in.  4-499

These results exhibit (with one exception) a progressive decrease, but between
those of 1840-41, and subsequent years, there is a very great difference. The incli-
nation has decreased from —70° 40"7, observed in 1840-41%*, to —70° 87"-6, which is
the mean of the results obtained twice in each week at the Hobarton Observatory in
the first nine months of 1845. Assuming the total force at Hobarton as constant,
the horizontal component should have been increased rather than diminished by the
small secular change which appears to have taken place in the Inclination. The
discrepancy between the earlier and later results of the absolute determinations
cannot therefore be a consequence of secular change in the Inclination; nor is it
probable that the total force should have undergone a decrease of such magnitude.
Presuming the results of 1840-41, with the 15-inch magnets, to have been affected
with error from some cause as yet unexplained, (possibly from an erroneous value
having been taken for the moment of inertia of the magnet,) the subsequent results
exhibit only such differences as cannot be regarded as excessive. They have all to
undergo recalculation, as Lieut. Kay does not consider the elements of reduction as
yet finally determined ; and they will all, in common with all the other determina-
tions of the absolute horizontal force given in these Contributions, have to receive a
small correction for the difference of the magnetic moment of the deflecting bar,
caused by the earth’s inducing action in the different positions in which the bar is
placed in the experiments of deflection and vibration. If, therefore, we assume pro-
visionally the mean of the four last results, or 4:508, as the best approximation to
which we have yet arrived for the horizontal component at Hobarton, and —70° 39'
as the corresponding Inclination, we have the total force in the arbitrary scale 1'797 ;
and we may hence conclude, that influenced by the earlier determinations (those of
1840-41), the provisional value of the total force at Hobarton, employed in the Vth
and VIth Numbers of the Contributions (1'82), was taken too high, and that all the
values of the force dependent on Hobarton will require a correction to be applied,
in amount about —0°02, before they are combined in the general map of the southern
hemisphere. For Lieut. Smita’s and Lieut. Dayman’s observations, Lieut. CLErk
has taken a base value of 1:80 at Hobarton. "

A subsequent number of these Contributions will contain the Magnetic Observa-
tions of the Erebus and Terror in the summer of 1843—-1844, between the meridians

* Philosophical Transactions, 1843, p. 165.
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of Cape Horn and of the Cape of Good Hope, which will complete the survey of the
high latitudes of the southern hemisphere.

I propose then to combine in one general view the several portions of the southern
survey which have been successively communicated ; and I shall reserve until that
occasion, as more convenient than the present, such general remarks as suggest
themselves in reference to the magnetic lines determined in the present Number.

“ Report on the Magnetic Observations made in Her Majesty’s hired bark Pagoda,
JSrom January to June 1845, by Lieut. HENrY CLERK of the Royal Artillery.

“1. Calculation of Corrections for the Ship's Local Attraction.

“To obtain the corrections for the observations of the Declination, the deviations
of the compass were observed on each of the sixteen principal points at the Cape of
Good Hope, King George’s Sound, the Mauritius, and again at the Cape on the
return of the Expedition. The following are the observations :—

o Cape of Good Hope. King George’s .
Ship’s head. Sound. Mauritius.
' January. June. )
o ’ o / o 4 o 7

N. 012+ 0 20+ 015+ 0 20+
N.N.W. 0 57+ Not observed. 0 00 0 304
N.W. 0 08— 0 504 0 20+ 0 20—
W.NW. 0 00 0 50— 1 40— 0 30—
W. 0 13— 0 15— 1 40— 0 50—
W.S.W. 0 28— 0 30— 1 50— 1 10—
SeW. 1 28— 1 20— 1 00— 1 10—
8.8.W. 1 06— 1 25— 0 15— 0 50—
s. *¥1 48+ 0 18— 0 50+ 0 20+
S.8.E. 0 42+ Not observed. 0 55+ 1 004+
8.E. 112+ 1 50+ 2 204 1 204
E.8.E. 1 27+ 1 404 3 104+ 0 554
E. 0 57+ 1 45+ 2 404 1 20+
E.N.E. 0 274+ 1 504 3 104 0 50+
N.E. 0124 1 35+ 3 30+ 1 20+
N.N.E. 0 32+ 1 13+ 2 35+ 1 20+

The 4 sign denotes a deviation of the north end towards the west.

“The values of 4 (the Inclination) being as follows, viz.—

Cape of Good Hope . . . 0=—53 44
King George’s Sound . . . #=—65 04
Mauritius. . . . . . . #=—53 56

“ From these observations we can obtain the values of @ and 4 by the formulee in

No. V. of the Contributions to Terrestrial Magnetism -, which give the following
values, viz.—

* This observation is evidently erroneous. + Philosophical Transactions, 1843, Part II. p. 148.
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Cape of Good Hope . . . a='0148 . . . b= ‘9848
King George’s Sound . . . @=0199 . . . b=10040
Mauritius . . . . . . . a='0158 . . . b= 9907

Mean . . a='0168 . . . b= -9932

“The values of @ and b can also be obtained by observations of the horizontal in-
tensity on the N., S., E. and W. points alone.

“If the card of the azimuth compass be deflected by another magnet (the small
deflectors belonging to the dipping-needle for instance), and if v,, v,, v,, and v, be the
angles of deflection observed on the N., S., W. and E. points respectively, then

COSEC ¥y — COSEC Vs CoSeC vy, + COSeC v,
cosec vptcosecv;® 2 4/cosec vy, . COSEC U,

atan =

“The deflections were obtained in this manner at the Cape of Good Hope, and at
King George’s Sound on the N. and S. points, viz.—

Cape of Good Hope. King George’s Sound.
At N. the deflection . . =16 20 At N. the deflection . =15 23
AtS. . . . . . . . =15 385 AtS. . . . . . . =14 06
Hence . . . . . . .a="0168 And . . . . . . a='0198

Agreeing very closely with the values determined above.
“ After an inspection of the observations at the several stations, Mr. ARCHIBALD
Smrra has kindly furnished the following Memorandum.

< < The formule for the correction of observations of magnetic declination, made on
board ship, given in the Vth and VIth numbers of the Contributions, are deduced
on the supposition that the soft iron of the ship is symmetrically distributed on each
side of the fore and aft vertical section passing through the compass. The deviations
observed in the Pagoda by Lieut. CLERK, seem to show that the soft iron was not so
distributed in that vessel, and to require for their correction formulee in which no
supposition is made as to the distribution of the iron of the vessel, except that there
is no iron very near the compass.
¢ < Using the notation of the memorandums in Nos. V. and VI. of the Contribu-
tions, let ¢ represent the total magnetic force of the earth at the place of observation,
d the inclination, { the azimuth of the ship’s head, reckoning from (magnetic) north to
west, and let ¢/, ¢, ' represent the values of the same quantities, shown by an in-
strument placed at a fixed position in the vessel, and affected by the attraction of the
iron in the vessel.
“<The first three equations in the memorandum in Contribution No. VI. may be
transformed into the following, viz.—
pcosdcos {=¢ cos '{A'cosI+B'sin{}+¢'sind C+P. . . . . . . (L)
pcosdsin {=¢' cos {D'cos ' +E sin}+¢'sind F4+Q. . . . . . . (2)
psind - =¢cosl{G'cos+H'sinl}+¢'sindK'+R. . . . . . . (8)
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“<The coefficients A'B' . . . R’ might, if required, be expressed in terms of the cor-
responding coefficients of Contribution No. VI. It is here however only important to
observe that A' B’ C' D' E' ' G’ H' K' depend only on the amount and distribution
of the soft iron. P' Q R’ depend partly on the amount and distribution of the soft
iron, and partly on the amount and distribution of the permanently magnetic iron,
and become zero when there is no permanently magnetic iron. If the soft iron is
symmetrically distributed on each side of the fore and aft vertical section passing
through the compass, B' D' F' H' are equal to zero.

“ ¢ The above equations are deduced, it must be remembered, on the hypothesis that
the soft iron of the vessel receives its full charge of induced magnetism instantly on
the vessel assuming a new position, and that the rest of the iron in the vessel is in a
permanently magnetic state. On this hypothesis, and supposing that no iron is very
near the compass, the equations are accurate, and the coefficients A’ B', &c. are con-
stant, and independent of the latitudes. The hypothesis is however evidently not
strictly true. The magnetic state of the hard, if not of the soft iron of the vessel,
changes with a change of position and with time. In consequence of this, different
values of the coefficients are derived from observations made at different places, and
at the same place at different times.

« < Careful observations, made in a variety of circumstances and localities, and par-
ticularly, (for a reason which will appear in a subsequent part of this Memorandum,)
observations made near the line of no dip, when the affected dip is zero, may
hereafter throw light on the nature of the change which takes place in the magnetic
state of a vessel, and furnish the means of determining the change which the coeffi-
cients undergo. In the present Memorandum they are supposed to be constant.

“¢From equations (1.) and (2.) the following may be deduced:

sin (=)= ameg| 25— 5 sin 2+ g oos 2}
sin§'C’ sin¢'F' + Q
s LI S eost

¢ ¢ This equation is rigorously accurate, on the assumptions which have been made.
If ¢’ cos ¢ and ¢' sin ¢ were known in terms of ¢, d and ', and the coefficients deter-
mined by observation, this equation would furnish accurate corrections for observa-
tions of Declination. The expression is very much simplified if we may assume ¢=4,
and ¢'=¢. This assumption may I believe in general be safely made, except in high
magnetic latitudes. Making this assumption, we have the following approximate
formula,

sin ({—¢)=

(4.)

D'—B
2

tan 04 P ;[:S 3} sin g' +{F’ tan 0+ Ec%} cos l
"~ ne 4+ Bt g0 J

¢ < This equation may convemently be put under the form
sind=A+B sinT+C cos 4D sin2+Ecos2 . . . . . . . (6.)

. (5.
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3=¥¢—{ is the deviation of the compass; B corresponds to the coefficient a tan ¢
of the former memorandum; D to the coefficient 1—b. A, B, C, D, E are coeffi-
cients, which are to be determined by observations of deviation made with the ship’s
‘head on different azimuths. A, D and E, it will be seen, are independent of the dip,and,
to the extent to which the hypothesis above mentioned is correct, will have the same
values in different latitudes. B and C depend on the dip, and also on the proportion
of the soft to the permanently magnetic iron. This ratio cannot be determined from
observations made in one place. If P, Q', C', F' remain constant, they can severally
be determined from values of B and C deduced in two different latitudes, and the va-
lues of B and C in any other latitude may be deduced from the equations

B=-— {C’ tan 44 ¢cose}.. 7. =F tané’+¢,cose e . (8)
the accurate values of B and C being
' __ ¢'singC'+P _¢sinfF+Q
B=—"—r0r =t

If the affected dip is zero, we have ,
Pl QI

= - — C—-——-

¢

So that from observations on the line of no dip, or more accurately when the affected
dip is zero, the effect of the permanent magnetism may be obtained.

“ ¢If we distinguish the points of thé compass, reckoning from north to west, by
the numbers from 1 to 32, north being 0 or 32, and north by west being 1 ; and if we
designate by 9, 9;, &c. the westerly deviation when the ship’s head is north, or north
by west, &c., so that 3; represents the deviation at W., 85 at S., 8, at E., it is evident
from the equations that we have at once the following simple expressions for the
values of the coefficients :—

—i— {sm d,+F sin 3+ sin 8,4} sin 324} e e e e (9)
B= é—{ sin 3 -—smBm} N ¢ (1))
C=%{ 1n50——-sin316}. T OB
D= —i— {smB — sin d;, + sin d,, — sin 9, } oo . (12)
E= }1 {smB — 8in 33+ sin ;53— sin 824}. N ¢ £

“< More accurate values of the coefficients may be obtained by combining observa-
tions of deviation, made with the ship’s head on the several points, in the following.
manner :—

“¢]. Suppose the deviation to have been observed on all the thirty-two points. Let
MDCCCXLVI. 22z
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Uy L - .. . {5y be the observed azimuths, which of course are 11° 15/, 22° 30/, &e.

Then we have
sin§, =A +C +E

sind, =A+BsinZ; +C cos T, +D sin 27, 4E cos ‘>§1
sin 8, =A 4B sin ', 4+C cos {, +D sin 27,4 E cos 27,
&e. &c.

-

S, L (14)

sin 9;;=A+B sin{'3;+Ccos {5, +D sin 2Ly +-E cos 275, |

Combining these equations by the method of least squares, we obtain by virtue of a

well-known property of circular functions,

- 515 3 sind ]
=16 L > sindsin 4
C= 1_62 sindcos ¢ .
D- = 2 sin dsin 27
E= 5 2 sin 8 cos 2@'
where 2 sin = sin §y+sind; . . ... , + sin 95,

(15.)

2 sind sin I'= sin 3, sin Ly+ sin 3 sin {;+ &e. +sind; sin

&ce. &c. &ce.

“<If we represent sin 3, sin 3, &c. by s, s;, &c.,and remember that.all the values of
sin Z, cos T, sin 27, cos 2¢ which occur in these formule can be represented by the

quantities s, sy, S5, 5, S5, S, §7, we shall find

A=3-—12{so-}—5;1+.s>'2 R

B="0122 (log =208611){s,— 85, +5;5—51,},
+°0239 (log =2°37872){s,— 550+ 514— 515},
40347 (log =2-54062) {8;—$yy-+-$15— 5,0}
40442 (log =2'64536){s,— Spg 81— 83} 5
+°0520 (log =271572) {85—$p;+8,1— 8},
+°0577 (log =276149){s;— sx;-+510— S},
+0613 (log =2'78745) {s;— Sp5 48y — S5},

+116{38"‘324}-

(16.)

(17.)
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1
C=ﬁ,{30"*5'16}a

40613 (log =2-78745) {8,485 —$15—517}
40577 (log =276149) {$,4830—814— 515} 5
+-0520 (log =2'71572) {53+ 59— 813— S10}»
+-0442 (log =2'64536) {8, Sp5— 15— Sa0}»
+-0347 (log =2:54062) {s54-5p — $1;—Sn1 }
40239 (log =237872) {554 95— 510— S22}
40122 (I~ =2:08611) {8,455 — Sy —Spz}.  «

D="0577 (log =276149){s;—s31— 85517+~ $53— 8, +523},
40442 (log =2'64536) {5y~—830— 5814+ 515+ S— S5 — 510+ S22}
+0229 (log =2-37872) {s3— 8y — 81319+ 85— Sy—sn+sn},

1
+16{ss— 58— S1280}. .

1
E=15{s0+s15— 85— s}

+°0442 (log =2'64536) {s;+ 30+ 814+ $18— 56— So6— $10— S22} »

+0577 (log =2'76149) {85+ sy9+513+ 819 85— Sy — S — . -

351

(18.)

(19.)

(20.)

<9, Using the deviations observed on the sixteen principal points only, we have

A=-l%{so—|-.s‘2—|-s4 e e syl

B=0478 (log =2'67975) {s;—53+514— 515}
+-0884 (log =2-94639) {s; — S5+ 10— 1}»
+°1155 (log =1"06252) { 55— Sp5 10— S22}

+%{SS——524}. .

1
C=§(SO"'SI6)3

41155 (log =1"06252) {8, 830=514 — S15} s
440884 (log =2'94639) {5,835 15— 50}
40478 (log =2'67975) {sg+ Sag— 10— Sa0} -

D='0884 (log =§'94639){SZ""930_814+‘918+36_526—‘910+322}’

1
+§{S4—328—312+520}- .

1
E=§{30+s1e—ss“324}:

2z 2

(21.)

(22.)

(23.)

(24.)

(25.)
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¢ ¢ 3. Using the deviations observed on the eight principal points only, we have

1 ‘ A PN
'A=§{So+s4+83 e e e e Tl e e e e e .. (204
B="1768 (log =1"24742){s, — sys+810— Sp}»

1
Falss—sad. o o o o o oo (27)

1

C=z{s0—s16}»
+°1768 (log =1'24742) {5, 4-Spg—510— 859} - . . . . (28.)

1 .

D=g{s;—spg—s1pFsp0}- - - . . . . . . . . . . (29)

1
E=Z{So+316—88-824}. e s+ & 8 & s e e e e e (30.)

‘¢ Having found A, B, C, D, E by any of the above methods, a table of the déviations.
on all the points may then be computed. The computation will be facilitated by
using the following Table :— '

“¢LetB;,B, .... B, C,C,.... C,represent the values of B and C multiplied
by sin 11° 15/, sin 22° 30/, and let D,, D,, Dy, Ey, E,, E; represent the values of D and
E multiplied by sin 22° 30/, sin 45°, and sin 67’ 30°, we have then

sing, =A+C+E
sind;=A—C+E

sind, =A+B,;+C,+D,+E;
sind; =A—B,+C,—D,+E;
sind;=A+4B,—C,—D,+E;
sind,;=A—B,—C,+D,+E;

sind, =A+B,+Cy;+D,+E,
sin 03y=A—B,+C;—D,+E,
sino,;=A+B,—C;—D,+E,
sin o;3=A—B,—C;+D,+E,

sin 03 =A+B;+C;+D;+E,
sindyy=A—B,;+C;—D;+E,
sind3=A+B,;— C;—D,;+E,
sin 8;y=A—B;— C;+Ds+E,

sino; =A+B,4C,+D
sin 3,;=A—B,+C,—~D
sind,=A+B,-C,—D
sindy=A—B,-C,+D
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sind; =A+B,4+C,;+D;—E,
sin 8,=A—B;+C;—D;—E,
sind;;=A+B;—C;—D;—E,
sin 8, =A—B;—C;4-D;—E,

sinoy; =A+B;+C,+D,—E,
sindyy=A—B;+C,—D,—E,
sin 0,p=A+B;—C,—D,—E,
sin 0, =A—B;—C,+D,—E,

sind, =A+B,4C,+D,—E;
sindy;=A—B,+C,—D,—E;
sindy =A+B,—C,—D,—E;
sin 8y;=A—B,— C,+D,—E;

sindg =A+B—E
sindy,=A—B—E.

3563

«<If the deviations are under 7° or 8° the angles of deviation may be used in the for-
mulz instead of the sines of the angles without producing a sensible error in the result.
“<1t may be observed that ¢' cos ¢ and ¢'sin ¢ would be themselves properly ex-
pressed in a series containing sines and cosines of ' and 2, and this would in-

troduce into the expression for sin 8 terms of the form
F sin 30+ G cos 37 +H sin 4+ K cos 4.

« <The omission of these terms from the formula we have used does not affect the
values we have found for A, B, C, D, E; and the values of the additional coefficients
may be determined from the following expressions, in which we make use of the ob-

servations on the sixteen principal points only :—

F="1155 (log =1°06252) {s,— 8304814 — S35} »
40884 (log =2°94639) {5, — S35+ 12— S5},
—+0478 (log =2'67975) {$g— o5+ 510 — S92}

1
—g (55— 55)-
1
G=-(so—51)

+0478 (log =2'67975) {s,4830— 14— S1}
—+0884 (log ==2'94639) {8, Ss5—12—55}
—-1155 (log =1'062562) {sg+Sp5— 10— 80}

1
I'I pnd ]—_—6-{82—830_814+818_SG+826+810—S22}' .

1
K= 17;{30"'316"'38""324—34 — S5 S19~ 5}

(31.)

(32.)

(33.)

(34.)
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«<If the deviations are so small that the angles may be used instead of their sines,
then the differences between the observed deviations and the deviations calculated
with the first five terms may be used instead of s,, s;, &c. in finding F and G or
H and K. There is however no advantage gained thereby, as the quantities within
the brackets in F and G have already been found in calculating B and C.

¢¢As an example of the use of these formulee, we may take the deviations observed
on board Her Majesty’s ship Erebus at Gillingham, in Sept. 1839 *,

“¢From the deviations observed on the sixteen principal points, I find

0=17'4235" sin {'—13' cos ' -21" sin 27’ — 123 cos 2.
“<From the deviations on the eight principal points, I find
0=16'4233"5 sin ' — 14" cos {421 sin 2L —0"75 cos 2.
‘< Applying the correction derived from the first formula, the residuary differences
on the sixteen principal points, beginning with north, are respectively—
—3,0,4 6, +14', —6, —18, +12, +7, +1', —11', =12/, =9, +5', +7', 46,0
“<These differences evidently nearly follow the law of sin 3¢'; they give
F=5"5; G=-7.
¢ < After applying the correction 5'*5 sin 3 —7' cos 8¢, the residuary difference is
44 —2 _31, 49,0, —9, +13, —1, —6', —9, —3, —4!, —1, —2/, +5', +8.
« <The differences, it will be seen, are smaller, and do not distinctly follow any
regular law. If we calculate H and K we shall find
: H=2'; K=1\
But these corrections are so much within the errors of observation, that there could
be no advantage in using them.
¢ < The expression for sin & may be put under the followmg form, viz.—

sind=A+ VB2 C?sin ({+4a)4Dsin20+Ecos2",. . . . (35)

. .. C . .
in which « is the angle whose tangent is , and is nearly the easterly azimuth of the

line of no deviation. :

«“ < It seems probable that in ordinary cases A, o, D and E will not change materi-
ally with a\change of latitude, while ¥ BZ+C? will vary nearly as the tangent of the
dip. The last-mentioned term is also the most important, from its magnitude and
its dependence on the changes which the permanent magnetism undergoes. It may
therefore be useful to have the means of obtaining this quantity separately. This
may be done from observations of the horizontal force, made in the position .of the
standard compass, with the ship’s head on any two opposite (affected) courses, from
the formula

vHZ Y B2+ 2H,H, cos (diff. of true az1muth)
H,+H,

* Contributions, No, V., p. 150.

.. (36)

VB2+02
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in which H, H, represent the observed horizontal force in the two positions of the
ship’s head.
¢ < If the difference of the true azimuths of the ship’s head is 180° the expression

becomes ¢52+Cz=ig:_gz, e e e e et (37)

which is the same expression as that for the value of « tan 4 in the Memorandum in
No. V. of these Contributions,

“ ¢The value of the horizontal force may be determined by vibrating a horizontal
needle, or by deflecting the compass needle in the manner described by Lieut. CLErRk
in page 347. The difference of azimuths may be determined by the bearings of a
distant object, or astronomically.

¢ ¢This method seems to be adapted to the case of a ship lying at moorings in a
tideway. The observations may be made before and after the change of tide, and the
rudder adjusted so that the difference of the compass bearings of the ship’s head may
be exactly 180°.

¢ ¢ This formula is more accurate the more nearly the dip approaches to 90°; and
the method seems therefore particularly applicable in high magnetic latitudes.

¢« < If the true magnetic azimuth of the ship’s head on the two. positions is deter-
mined, the values of B and C may be obtained by the formula

H, cos ¢, +H, cos &,

- H,+H, ’
Hysin§,+H, sin g
H+H, °

B=

C=

“IALSS
« ¢ Lincoln’s Inn, March 3, 1846.

“The constants for correcting the declination observations were (in consequence of
this Memorandum) calculated by the equations 21, 22, 23, 24 and 25, taking the
mean of the two series at the Cape of Good Hope.

“ The following are the deduced values of the constants :—

Station. A ?. A B. C. D. E.
Cape of Good Hope ............| —53 44| 1:013 |+°00600 |—+01412 |4+-00742 |++00911 |—-00333
Mauritius .......oveveresneeeens —53 56| 1158 |+-00479 |—01550 [+-00514 | 400448 | ++00335
King George’s Sound............| —65 04| 1703 |4°01453 |—+03295 |+-00658 |—-00156 |4--00082

Means............... —57 35| 1:291 |-++00844 [—-02086 |+-00638 |-++00401 [4-00028

“ From the three values of B, and C, values of C' and P', F' and Q' were obtained
by the equations

B.=—<C’ tan 0+ E?:%T) ; and C=F tan ¢4 -9

pcosl >
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for we have -
Cape . . —01412=C'x1'363+P x1:669; also+00742=—1363F' — 1669
Mauritius . —01550=0C'% 13734 P X 1"467; also +-00514=—1'373F —1-467Q
KingGeorge's| _ 20050/ 2151 4P x 1:393; also +-00658=—2-151F—1-393Q.
Sound . |

Hence by elimination we obtain

C'=—0209; F =-—'0006;

P'=4-0088; Q=—'0034.

“ From the values of C', P!, F' and @, a table of the values of B and C in different
dips and intensities was formed, and from them with the mean values of A, D and
E, a table for correcting the observations of Declination was calculated by equ. 35.
The corrections thus obtained appear to give very closely the true corrections, at all
events much within the limits of observation errors. The following is a comparison
between the observed and calculated deviations at King George’s Sound, ¢ being
=—65° 04/, and p=1"70.

Ship’s head. Sbyti'i)al"lf“la‘ 3byt(i’})’:‘.’""" Difference. || Ship’s head. 3byﬁ°;1]?“la‘ 3 by t?g:fm’" Difference.
o 4 Q 4 [ , o I o ’ o 7

N. +0 52 +0 15 —0 37 S, +0 03 +0 50 +0 47
N.N.W, +0 17 0 00 —0 17 S.S.E. +0 47 +0 55 +0 08
N.W. —0 21 +0 20 +0 41 S.E. +1 25 +2 20 +0 55
W.NW, —0 58 —1 40 —0 42 E.S.E. +2 02 +3 10 +1 08
w. —1 25 —1 40 —0 15 B +2 25 +2 40 +0 15
W.SW, —~1 16 —1 50 ~0 34 E.N.E. +2 17 +3 10 40 53
S.W. -0 54 —1 00 —0 06 N.E. +1 52 +3 30 +1 38
S5 W —0 24 —0 24 +0 09 N.N.E. +1 22 +2 35 +1 13

+ Sign denotes a deviation towards the west.

“It appears from this comparison, that the calculated corrections are smaller in
amount than the observed. As the ship had just returned from a high magnetic lati-
tude, it is probable that the observed corrections belonged to a greater dip than the
one at the station, and therefore that the corrections would be more nearly repre-
sented by taking them out from the Table for a larger Inclination and Intensity.
The great differences on the E.S.E., N.E. and N.N.E. points are caused most pro-
bably by errors of observation. |

“The correctness of equation (6.) will be more easily perceived by the accordance
of observations made at sea, in a high dip, making due allowance for the difficulty
of observing in bad weather. |

“2, Calculation of Corrections for the Inclination Observations.

“To obtain these corrections four constants are necessary, viz.a, b, ¢, d ; a and b ave
obtained from the deviations of a compass (placed on the same spot as the dipping-



LIEUT. CLERK’S REPORT : ELEMENTS OF REDUCTION. 357

needle) on the sixteen principal points. The following are the observations at King
George’s Sound, the Mauritius, and the Cape of Good Hope.

Ship’s head. |King GCOrge’s)  Mauitius. Goggpﬁgge. Ship’s head. | King GeOrEe’s | nuritius. Go%gpf{g;‘e .
o ’ o) 4 [} / o ’ o / o ’

Ne —0 45 —0 05 —0 25 S. Not observed.| +1 25 —0 50
N.N.W. —1 15 —1 25 | Not observed. S.S.E. +2 40 +1 15 {Not observed.
N.W. —2 05 —1 45 —0 05 S.E. +3 25 +1 10 +1 55
W.N.W. —3 20 —2 25 —0 35 E.S.E. +3 25 +1 50 +2 35

W —3 35 —3 05 —0 50 E. +3 25 +2 15 +2 40
W.S.W, —3 45 —3 05 —1 15 E.N.E. +2 35 +1 05 +1 10
S.W. —1 55 —1 35 —1 45 N.E. +2 45 +0 35 +0 45
$.5.W. *3 00 —1 05 —0 35 N.N.E. +2 20 +0 25 +0 05

« Allowing for the errors of observation, it appears from these observations that the
iron is symmetrically distributed in reference to the compass placed on the same
spot where the observations of inclination and intensity were made, and therefore
that we may use the equations in Contribations V. and VL.

“ From these equations the values of @ and 4 are found,—

At King George’s Sound . . . . a='0296; b="9867;
Mauritius. . . . . . . . . a=0272; b='9910;
Cape of Good Hope . . . . . a=0192; b="9766.

“The values of @ and b can be found independently of the compass, from the ob-

servations of dip and intensity themselves, A’ being supposed =1, by means of the

formula:
¢

!
asin():acosé"cos&'——cosé.cosz, N

!
and bcos():%cos@'sin{’cosz. e e e e s (2

« Values of ¢’ and ¢ were obtained from observations on the sixteen principal points
of the compass made at King George’s Sound, Mauritius, and the Cape of Good Hope.
They are as follows :—

Values of 4.
Observed Inclination. Observed Inclination.
Ship’s head. King G , C Ship’s head. |... ,

g George’s fes ape of King George’s o Cape of
Sound. Mauritius. Good Hope. Sound. Mauritius. Good Hope.
/ o / o / o ’ [} / ] ’
N. ——6% 15 —54 38 —54 01 Se —64 52 —53 46 —53 28
N.N.W. —66 33 —54 44 —54 35 SuS.Es —65 00 —53 41 —53 50
N.W. —66 19 —54 47 —54 56 S.E. —65 29 —54 20 —53 51
W.N.W. —66 07 | —55 02 | —b54 47 E.S.E. —65 52 | —54 25 | —b54 24
w. —65 44 —55 21 —54 46 E. —66 23 —54 50 —54 46
WeSe W, —65 42 | —54 39 —54 31 E.N.E. —66 07 | —54 55 —54 53
S.W. —65 31 —54 29 —53 45 N.E. —66.17 —54 47 —54 37
S.8.W. —64 48 —54 07 —53 09 N.N.E. —66 31 —54 27 —54 25

* This observation is not taken into account, being obviously erroneous.
MDCCCXLVI. 3a
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Values of ¢'.
Observed Intensity. ) Observed Intensity.
Ship's head. King George’s| pauritius, | Cape of Good Ship’s head. King George’s| prondtius. | Cape of Good
Sound. : Hope. Sound. : Hope.
N. 1737 1-150 1-024 8. 1-799 1-206 1:066
N.N.W. 1-736 1-152 1-020 8.8.E. 1-797 1-204 1-055
N.W. 1734 1-151 1-025 S.E. 1790 1-182 1045
W.N.W. 1752 1158 1-025 E.S.E. 1773 1-189 1032
Ww. 1758 1:166 1028 E. 1-753 1°169 1-029
W.S. W, 1775 1-198 1-036 E.N.E. 1757 1-166 1-024
S.W. 1790 1-191 1-049 N.E. 1+736 1159 1-023
S.8.W. 1-805 1-200 1061 N.N.E. 14735 1155 1-023
“The observed values of 4 and ¢ are approximately—
o 1
King George’s Sound . . #=—65 11; ¢=1'733
Maauritiuvs . . . . . . §=—54 14; ¢=1'158

Cape of Good Hope . . . 0=—53 37; ¢=1027.
“ Substituting these values in equations (1.) and (2.), we have

King George’s Sound . . a='0242; b= -9905;
Mauritius . . . . . . @='0234; b=1'0105;
Cape of Good Hope . . . a='0186; b= -9916.

“ Including these values with those obtained from the compass observations, we
get the mean values for @ and b,

a='0237; b="9912.
“ The constants ¢ and d are calculated from the formula
c cos {+d tan d=bsin L cosec { tan ¢
for the observations between N.N.W. and S.S.W., and N.N.E. and S.S.E.; and for
the other points, viz. N. and S., by the formula
ccos {+4dtand=(cos {+atand)sec? tand.

“The values of { and ¢' were given by the observations at the several stations. The
values of ¢ and d are as follows :—

King George’s Sound . . ¢='010; d=1'054;
Mauritius . . . . . . ¢='014; d=1011;
Cape of Good Hope . . . ¢='003; d=1033.

The values of ¢ and d were also obtained from the observations of dip and intensity,
independently of @ and &, by the formula

!
ccos 4 cos {—d sin 4= % sind,

A being supposed equal to unity ; which gives the following values :—
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King George’s Sound . . ¢=-028; d=1'023;
Mauritins . . . . . . ¢='024; d=1017;
Cape of Good Hope . . . ¢='021; d=1020.
“ The mean of these six values makes
c='017; d=1'026.
“From these values of a, b, ¢ and d, a table of corrections was found by means of
equations (12.) and (13.) (Contribution V.), employing calculated values of Z.
“In order to test the accuracy of the table, we may compare observed and calcu-
lated values of the dip at King George’s Sound. It will be seen that on the northerly
points the correction is rather too large, on the easterly and westerly too small, and

nearly correct on the S., S.S.W. and S.S.E. points. The differences however are
within the limits of observation errors.

Ship’s head. Observed Incli- | Tabular correc- Corrected Inclination.
nation. tion,

q _/ o v o ¢ o ¢
N. —66 15 +1 23 —64 527
N.N.w. and N.N.E. —66 32 +1 23 —65 09
N.w. and N.E. —66 18 +1 31 —64 47
W.N.W. and E.N.E. —66 07 +1 09 —64 58

w. and E. —66 03 +0 46 —65 17 >—65 08
W.S.W. and E.S.E. —65 47 +0 23 —65 24
s.w. and S.E. —65 30 +0 02 —65 28
8.5.W. and S.S.E. —64 54 —0 16 —65 10
Se —64 52 —0 18 —65 10

The mean inclination observed on shore with the same needle being —65° 11'.

“3. Calculation of Corrections for Intensity Observations.

“The constant A is calculated from the above observations by means of the formula
I .

:’cp sind'=c cos 0 cos {+dsin 4.

“The values of ¢, ¢' and Z, are all given by the observations on the sixteen points
of the compass; those of ¢ and 4 by the observations on shore. The following are
the resulting values for A', viz.—

King George’s Sound . . . A'=0998
Mauritius . . . . . . . A'=0992
Cape of Good Hope. . . . A'=0992

. Mean . . A'=0994
“This value heing so near unity, A is assumed =10, with which and the values of
c and d already determined, a table of corrections was formed by means of the equation

! d
% =A’c<; tan d--cos &) cos 4 cosec 0 *,
¢ and  being obtained from the tables for correcting the dips and declinations.

* Philosophical Transactions, 1843, Part II. p. 162.
342
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“II. Determination of Index Corrections.

“ 1. Declination Observations.

“The compass used was one of the Admiralty compasses (B. 20). It was sup-
plied with two cards, one considerably heavier than the other to be used in bad
weather ; but as it was found that in all weathers the heavy card was the steadiest
and gave the best results, it was accordingly generally used. The index corrections of
both cards were determined at the Magnetic Observatory, Cape of Good Hope. The
following are the means of several observations with each card; the mean monthly
declination by the observatory declinometer being 29° 07'.

Card A (the light card) gave . +28 26; correction +47‘.
Card J (the heavy card) gave . 28 15; correction 452.

““These corrections have been applied to all the observations, according to the
card employed.
«“2, Inclination Observations.

“Two of Mr. Fox’s instruments were kept in constant use, one observed in the
forenoon and the other in the afternoon. In order to distinguish them, we may call
the one observed in the morning No. 1, the other was marked C. 9. In No. 1,
needle 1 was mounted and used throughout, the spare needle 2 being used as a
deflector. The index correction for 1 was determined at the Magnetic Observa-
tory at the Cape, both before and after the Expedition, by comparing the inclination
with the face of the instrument west (that heing the way the observations were taken
on board) with the mean monthly inclination shown by the observatory needles.
The following are the observations with the deflectors at 40° from the apparent dip :—

November 10, 1844, needle 1, face west —53 3fl); correction -+ é
November 10, 1844, needle 1, face east —53 59; correction 428
November 21, 1844, needle 1, face west —53 38; correction -+ 7
November 21, 1844, needle 1, face east —53 58; correction 27
The mean monthly inclination being —53° 31'.
« After the 13th of January it was found more convenient to adjust the deflectors at

the apparent dip, and make the same observations serve both for dip and intensity. The
index corrections to be applied in this case are given by the following observations :—

Observed Inclination.—Face West. .
True Inclina- | Index correc-

Date. N s
Direct. Def. N. Def:S. |Def. NandS.| Mean. tion. tion.
1844. o 7 o ’, o ’ o / o / o ‘
December 1 ...| —53 52 | —58 o1 | —58 44 | —5839 | —5839 |1 .o . o
December 5 ...| —53 49 | —53 20 | —53 43 | —53 38 | —53 38 +
1845.
June 30 ......... —5412 | —53 13 | —53 46 | —53 51 | —53 45
July 2eveeean —5408 | —53 15 | —53 46 | —53 43 | —53 43 |[f 932 +19

Mean...... —54 01" | —53 17| —5b3 45 —53 43 | —53 41 —53 28 413
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““Magnets N and S are the small magnets belonging to the apparatus used con-

jointly ; deflector N and deflector S are the respective poles of the spare needle.
+13' has been applied in all cases except when only magnets N and S have been
used, in which case 424’ has been used, that being the mean correction for direct
and magnets N and S.
"~ “TFor the index corrections for needle A of C. 9, we have only an observation in
Simon’s Bay, Cape of Good Hope, before starting. Needle A was used from the
Cape to King George’s Sound, and was observed on shore at King George’s Sound
on the 7th of April. On the 10th it was found, from the discordance of the observa-
tions, that its axle had been damaged since the observations on the 7th, it was there-
fore taken out and needle B mounted in its place. The instrument had a third needle
C which was used as a deflector. The small magnets were also used, both conjointly
and separately. The observation in Simon’s Bay gives,—

For C.9,needle A . . . . . . . —5324

Index correction —26'.
Corrected inclination, needle 1 . . . —53° 50'}

This correction has been applied to all observations made with needle A of C. 9. For
the correction of needle B, we have a comparison at the Cape of Good Heope after
the return of the Expedition, and also at Woolwich, in January 1846. All observa-
tions with this instrument were taken with the face east.

“The following are the observations at the Cape :—

Observed Inclination.—Face East. Index

Date. I qu correc-

Direct. Def. N. Def. 8. |Mag.N and S. ’ Mag. N. Mag. S. Mean. nelination. tion.

1845. o ’ o 4 o / o 4 . Q 14 Q 7 o / o’ / ’

June 30.] —53 56 | —54 15 | —52 47 | —54 06 —53 29 | —53 23 | —53 40 | —53 25 | +15

July 2. —53 41 | —54 11 | —52 55 | —54 15 —53 49 | —53 41 | —53 45 | —53 25 | +20

Mean...| —53 48 | —54 13 | —52 51 | —54 10 —53 39| —53 32 | —53 43 | —53 25 | +18

“ And at Woolwich :—

Observed Inclination.—Face East. Index

Date. . I cl,r m:. correc-

Direct. Def. N. Def. S. |Mag.NandS.| Mag. N. Mag. S. Mean. nicimation. | ion,

1846' ‘ <] / o / o / o / o / <] ’ o / o ’ ’

Jan. 13.] +68 58 | +68 02 | +68 37 | +68 24 +68 32 | +68 30 | +68 31 68 58 22
15 +68 56 | 468 21 | +68 52 | +68 45 | +68 35 | +68 34 | +68 41 |f T +

- Mean...| +68 57 | +68 12 | 468 44 | 468 35 +68 33 | +68 32| +68 36 +68 58 +22

“ The index correction obtained at the Cape has been used for all the observa-
tions taken with this needle.
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“3. Elements of Calculation of the Intensity Observations.

“ Fox No. 1.—For the observations with this instrument, the Cape of Good Hope
has been taken as a base station, the intensity having been observed there both
before and after the Expedition, so that any change in the magnetism of the de-
flectors or needles can be detected. .

“The intensity at Woolwich being assumed =1372, it is necessary to get the cor-
responding intensity at the Cape. This can be got independent of the dipping-
needles, by means of the absolute horizontal intensity and inclination observed at
each station. '

“ The value of the horizontal intensity at the Cape is given as follows by observa-
tions made at the observatory in February, March, April and May 1845 :—

“ Observations of the Absolute Horizontal Intensity, at the Magnetic Observatory,
-Cape of Good Hope, 1845. *

Bar. A. 21. Suspended . . . length 3:00inch . .. (1+%>::1'00084.
Bar. V.  Deflecting . . . length 3'67 inch . . . ¢="00008. . . log #%. k=1'57254.

Angles of Deflection. | Corrected | Temperature during | Bifilar l;fsgg'gs at 60 Results.
Date. time pf ) i
VIbTation. | 1y gection. [Vibration. | Deflection. [Vibration.| 7. | X.

Dist. 1-2 ft.[Dist. 1°3 ft.

1845, Scale dir. | Scale dir.

o / o / S 0o o
‘Feb. 10, 11, 12.! 6 05:1 | 4 475 | 4:4970 714 71+7 1859 1858 |0°4118 |4-488
Mar. 10, 11, 12 6 01-1 | 4 440 | 45310 71°4 71-9 1860 185-8 |0:4064 |4-480 4-482
Apr. 13, 14, 15,1 5 57°5 | 4 41:2 | 4:5570 62+9 626 1769 177-4 |0°4019 |4-478
May 14, 15, 16.' 5 555 | 4 392 | 45650 60-7 599 1772 177:5 [0°4001 4-482

“ The value of % is obtained by means of two cylindrical weights in the usual manner ; the value employed
is the mean of several determinations. Bifilar magnetometer £=-000218, ¢="000218. Increase of reading
denotes inerease of force. '

Whence X=4-482, 4 being =—53° 25"5.

“ The corresponding values at Woolwich are
X =%3-7284, d being =+468° 57"9.

« From these values of X and ¢, we obtain the relative value of the intensity at
the Cape (that at Woolwich being 1:372), I=0993.

“ The relative intensity given by the needles of No. 1, from observations made at
Woolwich and the Cape and given in the sequel, are as follows :—
Weight 1 gr. I=0996 1:006. Needle 2. eight 1 gr. l=0'994}1,

Veed] 1.{ :
Needle Weight 2 grs. I=1:017 Weight 2 grs. I=1006

* Contributions, No. VII,; Philosophical Transactions, 1846, p. 246.
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“The value of I at the Cape has therefore been assumed provisionally as unity ;
subject to future correction should any appear to be required.

“The spare needle 2 was always used as a deﬁector the two small magnets were
used conjointly only with this apparatus.

“Tables of equivalent weights were made at the Cape both before and after the
Expedition, according to the method given in the instructions for the use of Mr.
Fox’s instrument. The following Table contains the mean of the two series.

Def. N. Def. 8. Mag. N, and S.
Def. N. Def. 8. Mag. N and S. (Continued.) (Continued.) (Continued.)

v, o', U w’, v, w'. . w’. v, w’. . w'.

o gr. o gr. o grs. ° gr. ° gr. o grs.

21 |[1816 | 22 |1:950 | 41 |3608 31 |1-843 | 32 (1935 | 51 (2786
22 |1'835 | 23 |1:964 | 42 |3:522 32 |1-828 | 33 1918 | 52 [2717
23 |1-850 | 24 |1972 43 |3-438 33 (1814 | 34 |1-903 53 |2:654
24 |1-861 25 1977 | 44 |3350 34 [1-801 35 |1-891 54 2595
25 (1867 | 26 (1983 | 45 |3'262 35 1788 | 36 |1-868 | 55 |2535
26 (1868 | 27 (1980 | 46 |3179 36 {1770 | 37 |1-852 | 56 {2480
27 |1:867 | 28 |1°977 | 47 [3093 | 37 |1756 | 38 |1-833 | 57 |2-428
28 1866 | 29 |1:968 | 48 |3:013 38 |1-744| 39 1812 | 58 2377
29 (1861 | 30 {1960 | 49 |2-933 39 (14726 [ 40 (17931 59 |2:330
30 {1858 | 31 |[1946 | 50 |2:853 40 (1707 | 41 |1:775 | 60 |2278

“ With these values of w', and the following values of v and w, the values of I' have
been calculated by the formula

I'=I sin v.w/'

P when deflectors are used, and

I'= I o v, > when weights are used.

Values of v at the Cape of Good Hope.

Date Def. N. Def. 8. [Mag. N and S.| Weight Weight Weight
o lw=172). | w=1782| w=2337. 1 grain. | 2 grains. | 2} grains.

1844. <3 |2 o ’ Q / ] / 4 o ’
Dec. 1. 39 06 | 40 38 | 59 23 2l 30 | 46 54 | 65 22
5/ 39 0L | 4037 | 5922 | 2134 | 46 33 | 6